Abstract-The main objective of this paper is to show the potential use of L-Band SAR polarimetry. We used SAR images to estimate the above ground biomass (AGB) of an oil palm plantation. The approach used in this study was to analyze the relationship between the radar backscatter and AGB data by a specific allometric equation in variation of age. The four polarization of PALSAR was adapted in this study and converted to sigma nought for respective ages. Laplacian filter with window size 3x3, 5x5 and 7x7 was used on the PALSAR polarimetry images. Laplacian filter was used to show the best improvement to the relation of radar backscattering and AGB of oil palm trees. As a conclusion, improved radar backscattering of oil palm trees can be useful to estimate AGB of oil palm trees.
INTRODUCTION
Plant biomass represents a sink for atmospheric carbon dioxide,which is one of the most important green house gases and assumed to contribute more than half of the global warming [1] . Densheng(1994) mentioned that computer-prosessed remotely sensed data are economical to estimation biomass in tropical regions over large areas. In contrast with the conventional method [2] , these approaches are often time consuming, labor intensive, and difficult to implement, especially in remote areas; also, they cannot provide the spatial distribution of biomass in large areas [3] . With the advancement of remote sensing techinques, many approaches have shown to estimate the forest biomass using both optical [4] and radar sensors [5] . In relation to that, radar backscattering coefficient of SAR images shows correlation with forest biomass [6, 7] . The results of another study showed that the estimation oil palm biomass from radar backscattering coefficient is encouraging [8] .
One of the main issue to solve in SAR imaging is the multiplicative speckle noise. The speckle noise is considered undesireable since it interrupts with the radiometric resolution and affects the interpretation of SAR images. It is important to apply filters that will preserve the structural and texture information.
MATERIALS AND METHOD

A. Field Biomass Estimation Data
Fieldwork was conducted at southern part of the state Perak in Malaysia. The oil palm plantation was chosen to conduct fieldwork because of the availably of the remotely sense data coverage. Fieldwork was done at the proposed site area according to the palm ages from 6 to 24 years old. GPS devices were used during the fieldwork to determine ground coordinates. Plots were designed to inventory fields of ages 6, 8, 10, 12, 14, 18 and 24 years. A total of 427 palms were recorded and the average height for selected age group was determined (Fig.1 ). Figure 1 . shows the oil palm tree of age 6 years in the United Plantation, Perak.
In all age group, an allometric equation was used to calculate the AGB of the palm trees direct from the diameter at breast height (dbh) and tree height. (Brown, 1997) all provide parameter information that can be used estimation of AGB. It is important to ensure that data sets are harmonized so the use of secondary data and accuracy of accounting are acknowledged. According to IPCC 2003, locally-specific equations exist to convert direct measurements of tree height and diameter to volume; regression equations to directly estimate biomass from tree diameter are preferable. Therefore, the following equation was adapted from a Malaysian case study [10] W =725 + 197H (1) where H is the palm height (cm) and W the total fresh weight (kg) . Using equation (1), the AGB was calculated based on the summation values over all the trees.
B. Remote Sensing Data
In this study, satellite image was obtained for the oil palm plantation in Hilir Perak, Perak. Two radar scenes were captured by PALSAR; ALOS was used in this research. The image was captured in Polarimetric (PLR) mode. The PLR image covers a swath of 30km at 10m azimuth spatial resolution. The images were acquired at level 1.5 which is similar to a georeferenced SAR image in the ascending orbit direction. The acquisition time for both was about 15:50 local time (GMT+8) on 3 rd April 2011 with off Nadir angle of 21.5˚. Fig. 3 shows the PALSAR image of the palm trees selected in this study. At first, PALSAR image was geometrically corrected and then converted to Sigma Naught for all four polarizations. The laplacian filter was selected in this study and applied on the image at five different location of each age. Variations in window size for the filters were 3x3, 5x5, and 7x7. Average of 5 different location of each age in dB was selected to represent the radar backscattering of the respective palm age.
C. Integration of biomass and remotely sensed data.
Remotely sensed data contain responses from the vegetation structure, vegetation density and vegetation species composition. All forest stand and even for that matter various canopy covers have different reflectance and texture pattern in various wavelengths. Thus the relationships between biomass and remotely sensed data are unique. To analyze these relationships, Pearson's correlation coefficient is used. If the coefficient is close to 1, it means there is a strong relationship between them. In this study, the first variable is the field above ground biomass and the other is the filters used on the radar backscattering of the PALSAR image. The coefficient of determination (R 2 ) is indication of the regression model. The R 2 value will show the percentage of variation as the regression models variables. AGB was estimated through the fieldwork which requires palm to palm assessment for height measurements totaling 427 palms using for this study. Table I shows the AGB of palm from age 6 until 24 years, that was observed during the fieldwork. The estimated AGB of palm trees was used to validate the correlation of PALSAR radar backscattering. Table II shows the average radar backscattering of AGB of Palm Trees. AGB was determined by taking the average radar backscattering of the area based on the palm area by age [11] . Overlaying oil palm tree plots of the fieldwork in the PALSAR image was to allow Laplacian filtering process. Table III , IV and V shows the filtering results obtained through three variation window size on all polarization of PALSAR. The Laplace filter allows detecting large changes in pixel value [12] . The Laplace filters often result in "negative" images with brighter tones at detected features and dark or black tones elsewhere. These filters will emphasize linear features such as edges [13] . The results are shown in the graph of In contrast, the AGB of palm trees for the window size 7 x 7 did not improve the relationship of the radar backscattering. An increment of less than 8% was obtained in the HV and VH polarization. Highest increment of the filtered PALSAR image is >60% in the HV polarization for the window size 5 x 5. Next highest increment was shown in the VV polarization where the window size reduces to 3 x 3 Fig.6 shows correlation to observe the relationship of the radar backscattering and palm AGB. Window size 7 shows a negative correlation with the VH polarization after filtering. For window size 3, the best correlation was with polarization VH and VV where both were 72.25% and 62.36% respectively after applying the filter. Whereas, window size 5 showed the best correlation increment for HH with 23.79% and increment of window size 7 for HV with 79.16%. There was 86.73% correlation of HH polarization with HV after filtering window size 3. Oil Palm AGB correlation was best with the HV polarization, 81.59% after filtering window size 5 and followed by HH with the same window size.
CONCLUSION
The AGB of Oil Palm trees was determined in this study. The availability of PALSAR data has exploited for the computation of oil palm AGB and PALSAR backscattering. It was shown that there was a weak correlation of 31.69% for oil palm AGB and HH polarization radar backscattering. Thus, filtering results has shown correlation obtained up to 81.59% with a single Laplacian filter with the window size 5. However, regression only shows 65.20%. Future research will be focus on applying other filters such as High pass and Median to learn and understand the oil palm AGB characteristic in the PALSAR images.
